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(57) Process and apparatus for the preparation of a 
hydrogen/cartx)n monoxide containing synthesis gas by 
catalytic partial oxidation reaction of a hydrocartx)n feed 
gas by carrying out the process in a numk>er of sepa- 
rated steps. In each step only a small fraction of the sto- 
ichiometric amount of oxygen is added to the reaction 
and the feed gas is passed through a catalytic zone 
arranged in each step, so that complete conversion of 
the added amount of oxygen is obtained in each step. 
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Description 
BACKGROUND OF THE INVENTION 

It Is known to prepare synthesis gas compositions 
consisting of hydrogen and cartwn monoxide and con- 
taining very low content of methane and cartwn dioxide 
by passing over a catalyst of hydrocart)on substrate, 
usually natural gas or methane mixed wrth oxygen at 
preheated tenperature in the range of, e.g. 300-400**C. 

The processes are typically performed in the pres- 
ence of a noble metal catalyst, such as rhodium, plati- 
num, palladium, or iridium, or other metals like nickel, 
cobalt and ruthenium, arranged in a fixed bed reactor. 
The residence time of the gas in a catalytic bed thereby 
is very short. Catalytic material can furthermore be in 
form of a sponge metal, a metal web or supported on 
ceramic porous bodies, for example. 

By the above process, it possible to obtain a sub- 
stantial and complete conversion of hydrocarbon with 
high selectivity for carbon monoxide and hydrogen. In 
order to obtain high selectivity, the residence time is 
usually very low and the gas maintained at elevated 
temperature for the shortest time possible. 

Alternatively, selectivity is achieved by keeping the 
process temperature as low as possible. The main prob- 
lem with the known process is to avoid ignition of the 
gas/oxygen mixture prior to contact with tiie catalyst In 
particular, this is problematic when tfie process is car- 
ried out at elevated pressure. 

SUMMARY OF THE INVENTION 

This invention provides an improved process for 
catalytfc partial oxidation of a hydrocarbon substrate of 
the above type. The improvement comprises can-ying 
out the process in a number of separated steps, 
whereby in each step solely a small fractfon of the stoi- 
chiometric amount of oxygen is added to the reaction. 
The gas is passed through a catalytic zone arranged in 
each step, so that complete converston of oxygen is 
obtained in each step. The reaction is performed at sub- 
stantially the same temperature In all steps by cooling 
the reaction mixture in each step with a suitable cooling 
medium during the total process cycle. 

BRIEF DESCRIPTION OF THE DRAWING 



The sole figure is a schematic cross-section of a 
reaction apparatus according to a preferred embodi- so 3. 
men! off the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

4, 

Referring to the sole figure, a reaction apparatus 55 
according to a specific embodiment of the invention is 
shown schematically in a representative cross-section. 
The process is perfomied on a hydrocarbon gas sub- 



strate 2 fed to a tubular reactor surrounded by a cooling 
medium, such as pressurized boiling water 4, contained 
between reactor wall 6 and jacket 8 provided in tfie form 
of concentric tubes. 

s The reactor is furtiier provided witfi static mixing 
zones 10 in tiie reaction volume. Toward the beginning 
of each mixing zone, oxygen 12 is provided ttirough per- 
forated rings 14. Catalyst bodies 16 are arranged at pre- 
determined distances from the oxygen supply rings. 

10 Product 18 is generated after gas 2 has passed through 
a predetermined number of catalyst reaction zones. 

When carrying out the process of this invention as 
described above, excessive concentrations of oxygen 
will not be available in the reactor. As a result, a very 

IS high tenperature in flie reactor is prevented, all the cat- 
alyst material will be at a controlled tenperature. and 
tfie selectivity of tiie process tiiereby is inproved. 

The invention further is useful in partial oxidation of 
higher hydrocarbons and in oxidative coupling reac- 

20 tions. 

AHhough the present invention has been described 
in relation to particular embodiments tiiereof. many 
ottier variations and modifications and ottier uses will 
become apparent to ttiose skilled in tfie art It is pre- 
2$ fenred, ttierefore, tfiat tfie present invention be limited 
not by ttie specific disclosure herein, but only by tfie 
appended claims. 
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1 . A process for the preparation of a hydrogen/carbon 
monoxide containing syntfiesis gas by catalytic par- 
tial oxidation off a hydrocarix)n feed gas with a stoi- 
chiometric amount of oxygen, ttie process 

3s comprising a plurality of sequential, separated 
steps, whereby in each step only a small fraction of 
tfie stoichiometi^ic amount of oxygen is added to the 
hydrocaft)on feed gas and tfie feed gas is tfien 
passed through a catalytic zone, so tfiat substan- 

^ tially complete converston off the added amount of 
oxygen by reactton witfi a portion off tiie ffeed gas is 
obtained in each step. 
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The process of claim 1, wherein the oxidation reac- 
tion is performed at substantially the same tenper- 
ature in each of ttie steps by cooling tfie reaction 
mixture in each step witti a suitable cooling 
medium. 

The process off daim 1 , wherein each step includes 
mixing the added amount off oxygen witti tfie feed 
gas prior to passage through each catalytic zone. 

The reactor for use in ttie preparation off a hydro- 
gen/carix)n monoxide containing synthesis gas by 
catalytic partial oxidation of a hydrocarbon ffeed 
gas. tfie preparation being carried out in a number 
of sequential, separated steps, whereby in each 
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6. 



step only a small fraction of the stoichiometric 
anfx)unt of oxygen is added to the feed gas and the 
feed gas is then passed through a catalytic zone, so 
that substantially complete conversion of the added 
anfX)unt of oxygen is obtained in each step, the 5 
apparatus comprising a reactor fed by a hydrocar- 
bon gas. the reactor including a plurality of reaction 
zones through which the hydrocartxDn gas passes 
sequentially, each reaction zone having an oxygen 
supply and a catalyst, each reaction zone t>eing w 
provided with a cooling medium. 

The reactor of claim 4. wherein the cooling medium 
surrounds the reaction zones. 



The reactor of claim 4. wherein the cooling medium 
is pressurized boiling water. 

The reactor of claim 4. wherein the reaction zones 
are provided with static mixing zones between the 20 
oxygen supply and the catalyst body each catalyst 
body being arranged at a predetermined distance 
from the oxygen supply 
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